A 3-year-old Limousin cow was admitted to the University of Georgia Teaching Hospital with a history of chronic weight loss and diarrhea of more than 1 year's duration. Clinical laboratory findings included proteinuria and hypoproteinemia and were suggestive of a nephrotic-like syndrome. Necropsy findings included generalized edema of the visceral organs and diffuse red glistening foci on the capsular and cut surfaces of the cortex of both kidneys. Microscopically, the kidney had hypercellular and hypersegmented glomeruli, focal glomerulosclerosis, periglomerular fibrosis, and tubular nephrosis. The glomerular hypercellularity was confirmed by electron microscopy to be due to increased mesangial cells.
The nephrotic syndrome, a clinical syndrome in man and animals, is characterized by proteinuria, hypoproteinemia, generalized edema, and hypercholesterolemia.IZ This syndrome results from an increased glomerular permeability due to an abnormality of the glomerular capillary endothelium, glomerular basement membrane, or foot processes of the podocytes (visceral epithelium).I2 The nephrotic syndrome has been reported in dairy cattle" in association with renal amyloidosis, in an 18-month-old Friesian heifer due to glomerulonephritis,26 but has not been reported in cattle with an associated mesangio-proliferative glomerulopathy. A diffuse mesangial hypercellularity is seen in 2 to 8% ofall human patients with the nephrotic Diffuse mesangial hypercellularity in idiopathic nephrotic syndrome has also been seen in association with the deposition of mesangial IgM and with focal glomerulosclerosis.24 Mesangio-proliferative glomerulopathies have been reported in the horse, dog, cat, pig, sheep, goat, and C O W .~,~,~J~-~~,~~ One report6 of this disorder was in cattle persistently infected with the virus of bovine viral diarrhea (BVD) without any apparent clinical signs of the BVD infection.
We report a nephrotic-like syndrome in a cow with an associated mesangio-proliferative glomerulopathy. Proteinuria, hypoproteinemia, and generalized edema were documented, but blood cholesterol levels were not evaluated and, thus, it cannot be ascertained that this animal had a true nephrotic syndrome.
Case History
A 3-year-old Limousin cow was presented to the University of Georgia Teaching Hospital with a history of chronic weight loss and diarrhea of more than one year's duration. A rectal mucosal scraping done within the last year was neg-ative for acid-fast bacteria (Mycobacterium paratuberculosis).
Abnormal physical findings included depression, marked stunting, and marked muscle wasting of the hindquarters. The cow was reluctant to walk. Its mucous membranes were pale. Capillary refill time was greater than 2 seconds.
A fecal flotation exam and a McMaster's ova count were both negative for parasite ova. Two separate fecal cultures were positive for Escherichia coli, but no Salmonella organisms were isolated.
Clinical laboratory findings included a hematocrit of 12.5%, hemoglobin 4.4 g/dl, red blood cell count 2.96 x 106/pl, plasma protein 3.8 g/dl, white blood cell count 8.6 x 103/pl with a differential count of 6.4 x 103/pl (absolute) segmented neutrophils, 1.98 x 103/pl (absolute) lymphocytes, and 2.6 x 1 02/pl (absolute) monocytes. Erythrocytes were anisocytotic with a slight hypochromasia and poikilocytosis. Other abnormal clinicopathologic findings included a serum creatine of 2.4 mg/dl, total protein 3.5 g/dl, albumin 1.2 g/dl, blood glucose 93 mg/dl, blood calcium 6.0 mg/dl, sorbital dehydrogenase (SDH) 865 pm/ml, and lactic dehydrogenase (LDH) 448 pmlml. Abnormalities in the urinalysis from a voided urine sample included a 2+ protein, occult blood, innumerable RBCs, 15 to 20 leukocytes per high-power field, 34 coarsely granular casts per high-power field, and 12 finely granular casts per high-power field. The urine specific gravity was 1.023.
Due to a poor prognosis and economic considerations, the owner elected euthanasia of the animal.
Results
A blood sample taken via cardiac puncture at the time of necropsy was positive for bovine viral diarrhea virus by the fluorescent antibody (FA) method. At necropsy, the animal was severely emaciated and had marked muscle atrophy of the hindquarters. Perirenal and cardiac adipose tissue were markedly reduced. Gross lesions were generalized edema of the gastrointestinal tract and diffuse red glistening foci on the cortical surface as well as throughout the cortical regions of the cut surface of both kidneys. The abomasum was markedly edematous, and the mucosal surface had a diffusely bosselated texture indicative of Ostertagi sp. infestation.
Microscopically, there was diffuse global involvement of the renal glomeruli characterized by hypersegmentation and hypercellularity. Each glomerulus contained 290 k 10 cells as compared to 95 k 5 cells for the normal bovine kidney (J. F. Munnell, personal communication) (Fig. 1 ). An occasional glomerulus observed contained extravasated erthyrocytes, and fibrin thrombi within the glomerular capillaries. Other renal changes included peri-glomerular fibrosis and focal glomerulosclerosis, multifocal areas of plasma cell and histiocyte infiltration with associated fibrosis of the interstitium, and multifocal areas of tubular nephrosis (pyknotic nuclei of tubular epithelium) and degeneration (cytoplasmic vacuolization and hyaline droplet formation). Many tubular lumens contained hyaline casts. Another histopathological lesion was a mild focal eosinophilic enteritis.
Direct fluorescent antibody staining of formalin-fixed
(1 0% neutural buffered) tissues, using fluorescein isothiocyanate (F1TC)-labelled rabbit anti-bovine IgG (Miles Scientific, Naperville, IL) was positive in the periphery of renal glomeruli (1 : 32 dilution) as compared to the negative Ultrastructurally, the mesangial cell population was increased, the glomerular basement membrane was diffusely thickened with dense deposits, and the foot processes of the podocytes were effaced at their site of attachment to the glomerular basement membrane (Figs. 2, 3) .
Discussion
The nephrotic syndrome is due to an increased glomerular permeability resulting from glomerular injury. Consequently, protein (primarily albumin) is lost from the vascular system into the urine, resulting in proteinuria and hypoproteinemia. Generalized edema occurs due to a decreased plasma colloidal osmotic pressure. The glomerular injury must be sufficiently severe to cause a marked reduction in plasma albumin in order for edema to occur. Otherwise a modest reduction in plasma albumin produces a corresponding lower tissue albumin, and the protein osmotic pressure gradient across the microvascular bamer remains essentially unaffected. However, when the plasma albumin level falls below 2.0 g/dl, edema results.21 Although most pronounced in the dependent regions of the body, this edema is characteristically a generalized edema.2L The Limousin cow in this report had a loss of protein into the urine (2+ by dipstick indicator) concurrent with a decreased total plasma protein of 3.5 g/dl, and a plasma albumin of 1.2 g/dl. The marked amount of albumin loss in this cow may be explained by the chronicity and the severity of the glomerulopathy. Generalized edema resulted from decreased plasma colloidal osmotic pressure.
In humans, the pathogenesis of the nephrotic syndrome is a multifactorial one, with an initial glomerular injury due to a wide variety of insults ranging from viral, mycotic, and bacterial infections to the effects of various drugs and toxins.'* However, the common underlying cause of most cases of the nephrotic syndrome is an involvement of the immunologic processes.1s
The mechanism responsible for glomerular injury with an ensuing nephrotic syndrome in cattle is probably also multifactorial and is poorly -understood. Renal amyloidosis has been reported as an incriminating factor in dairy cattle."
Four possible mechanisms of glomerular injury in human patients due to immunologic processes include:
(1) antibody deposition, (2) entrapment of circulating immune complexes with subsequent complement activation and neutrophil-dependent injury, (3) antibody-induced complement activation without neutro-phi1 participation, and (4) antibody directed cellmediated proce~ses.~J* The products of these immune processes localize in the glomeruli and are identified as dense deposits. These can be recognized, ultrastructurally, by their specific location in the glomerulus and designated as subendothelial, membranous, subepithelial, or mesangial (rnatrix).l9 The localization of subendothelial, and/or mesangial immune complexes, in humans, is thought to be the deposition of circulating soluble c o m p l e x e~.~J~J~ Localization of immune complexes within the glomerular basement membrane is due to in situ formation of immune aggregates from the interaction of antibody with antigen which is present in the basement membrane.4.5.9s23
In humans, the localization of immune complexes may result in a mesangio-proliferative glomerulopathy. IgA nephropathy and mesangial IgM nephropathy are characterized by a particular type of antibody de-posited in the mesangial cell^,'^,^^ and/or the mesangial matrix. Many human patients with mesangial IgM nephropathy also show clinical symptoms of the nephrotic syndrome.22
Mesangial cell proliferation is a basic response of the glomerulus to injury. It is the first response in an attempt to phagocytize material which has been filtered out of the vascular system at the renal corpuscle.19 Diffuse mesangial proliferative glomerulonephritis is characterized by a uniform increase in mesangial cells (with a cluster of four or more cells per mesangial area) in all or nearly all glomeruli (over SO YO).^ Mesangial cell proliferation may be accompanied by an increase in mesangial matrix. In this study, all glomeruli examined by light microscopy were hypercellular due to an increase in the mesangial cells.
This cow had a mesangio-proliferative glomerulopathy and clinical findings of a nephrotic-like syndrome. Although there was evidence of bovine viral diarrhea (BVD) infection in this cow, whether or not the BVD virus was causative is not known. Direct fluorescent antibody staining and electron microscopic examination are suggestive of glomerular injury resulting from involvement of the immunologic processes, however the exact mechanisms and pathogenesis of the nephrotic syndrome in cattle requires further study.
